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PURPOSE: To produce a cycloolefin homopolymer or a cycloolefin/a-olefin copolymer at good 
efficiency without the necessity for conducting ring opening and using a large amount of an 
organometallic compound. 

CONSTITUTION: A cycloolefin is homopolymerized or copolymerized with an a-olefin in the 
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which can form an ionic complex by reaction with the transition metal compound or mainly 
consisting of A, B and an organoaluminum compound (C). 
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tW*^l] TiE^b^<^ (A) RDf (B) ^^^^t 

(A) il#^JS<l:-&!^ 

(B) m^^Mit'^'^izKiS'i-'X^ ^>&.<D^i^^m0Si 

[i»*«2l TI2<k-&«!l (A) , (B) RZf_ (C) ^ 

(A) m^^Mit-^iio 

(C) #«l7Ji'5-'i'Afl:-&'t» 

[S*«3] ^k^itl (A) *^^ffl'#«cDIVB:^X«VI . 

4] (A) *««»i»«OIVBSl*»f>S 20 

M^^m -> ^ P > v'XnjUjg^^ 

[«*«5] ib'&i^ (A) ;&^*Tta-)g^ 
M' R' R' R* R' 

[iCtf. M' «^^^^c0IVBJ^A-'?>jl«n^MS^ 
S> R' , R' , R'RZ^R*«^n^'naie^ttcDiE^ 

^. ^^u- htt(DiEfi:^x«;Kx:tt*Sr*L. Sine. 
ia«cDSji:^fe. 30 

[f»*JS6] fb-&i^ (B) *<*5^:*->t«|gC©«*«7C 
^ ilS-& b fc T - :t > i: *^ e> S T ab -5 
1, 2, 3, 4X«5l2«<DK3g:^S. 

C»*J17] it-^m (B) d^^«»«©inBiS, IV 

Bi^, \Bm. VIBJ^, VIIBJ^, VIII*. IA1^> IB 
UAm, IIBi^RC/VIIA|^*^C.S«nS7c;SI«r-& 

tr*^:t>-<i:«^roS3&^^^»^cDVB;K. viBS^, vn 
Bm, vium. \Bm. IIBJS, iiia;^, iva;KB:0^ 
AJS*^ e.S«n^7n3illCiK-&LfcT-:t > t ^3?t-5ft; 

-&iaTJ&-5«*«5lB«©fi)fi::i^te. 40 

M' R' R' R* R' 

CSC*. M'«^»i»s<^)ivBjs^*»e.s«nsagt^ 

m. R', R'. R'S.0:R*«■^t^-enaM^^4®iSfi: 

^, ^u- htif^SHfit^xttju-fx^a^r^L, Cine. 
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[0 0 0 1] 
[0 0 0 2] 

[Se3^0S«Ra^Si?^j!>^»SibJ:5i:-r'5^M] ai^:^- 

a^-r LT, TIB (a) ~ (e) (D«»J*^a&^. 

(a) !t#BgBa64-66216-^ii«lCtt. m^^i^y-i >t:m 

d t < 7-r y 5' ^ t'S^^E -er-s^Si 

(b) «fMBa61-271308-^^«JC«, >t 

[0 0 0 3] (c) !l#MBS61-221206^1iffi. #WBg64- 
106^ii^tC«, m^:tUy^>ta-:tUy^>tt: 

^ffll/iS:^a*^IB«SnTV^^. (d) #988862-25240 

~9 o^;i'%©x^i^> • mvi^i^y^ y^yy^^M. 
-ti^^my^T^z-t-Amm-^nx^^^. 

(e) it#M¥3-456l2#i>«{cti, ^^<D ^ n-tyit 
[0 0 0 4] bd^L. ±)£L^c (a) (c) (OM^ 

(b) , (d) <7)«ft«E«, S14!&<a»T<g; 

LA^fc> (d) ©^aET#e.n-2) 

^^Att^^^Vi. (e) (75iia(C*3t,iT«. 

5f U-^-i- >AM 0*;U%eA±<7)^^«^ft:SrS[igT'#SJl 

tA^mMMX'7]i-^nx^^ti.^^tmz, tjis. j y^ 
[0 0 0 5] — ti9-:ty\±(Dm^^m^mzx^:i- 



( 3 ) 

3 

le (f) ~ (h) fc*-rJ:5tc^S©ffi^*<;^d:$nT^i 

(f) Natta^)«, ^:5'y-b>vi'n^'f H/hUx^ 
JP7;P5 ri"? ASMtti: LTX5^l^ >*<M^-r* i * 
,^febTl/^-S) (J. Polymer Sci.,26, 120(1964))= 

Tli-5(J.Am.Cheni.Soc. ,79,5072(1957)). $e.JC, Dyac 

hkovskii^.«. /izyi^i^a^^ }i/i^:^^)UT)l 10 

^ 5^ y -fe > ^: / ;^ ^JP:* 5" :t > J; S <DT? » -5 C t S: 
*I^UTt»-5 (J. Polymer Sci. .JJ, 2333(1967)), b*^ 

L, c:ne.cD:;&ffitci3tt-5x?u>ffittttS«3(cffiVit) 

[0 0 0 6] (g) Jordan^tt, J -tyi^ yi^9-JU 

ir, -5-nfCj;-5X5^k>0«-&Sr^#bTlri«.(J.Am.Ch 20 
, em.Soc., 108, 7410(1986)), Sit. Jordane«. i^JUn 

«;7A'^>>'Jl' (7=-h7b h*n7^» ] [•T-h773:X 
)imW *gtL-TVi-5(J. Am. Chem. See, 10 

9, 4111 (1987)), LA^b, j:ne(^sti««, X^U>*t 

[0 0 0 7] (h) Turner ^>tt5=- h^:7x-;UffllSE N ij 
j:.^)l7>=E—':7A, hU;Hffl@!h'JX^;l/y> 30 

^:-'i7A, 7"h5 {^>^y)l':tuy:r.-)l') Iffl^ h U 
X5^;P 7 >^ X A if ® «F« © 7 5 > ^-g^W b fcJfflSg 
^«i:i^^D-fe>'fk^<^*«*i«<tb;fca-:^l/:7^ 
«-&7&fe^tllgbTVi^ (#«¥l-502036^iJj«) . b 

«;^cti. Sfc. c:*ae><^;^fettSi4*^^b<e<. xn 

C pM' R' . R\ R'c 
Cp,M'R',R'. 
(C p -A, -C p) M' R'* R'. 
M' R', R'. R' i R', 
[0 0 12] [ (I) ~ (IV) ^4". M' (iT i , Z r 

xx;US, T-h^t Fn'i*>5^-;US, B*ft5=-h5tK 

«^5%-r. R' , R' , R'S.Z>'R' K^tl^*tl7K*/l 
>iPa. ^^^1-2 0«7)l^rJ^>-a, ^^»6~ 2 0 50 
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[0 0 0 8] ±IB*«fCffii^;i5:^Fnfc'bO 

^:tuy^ >ifimmt^ztf3i<m'^vrcmi[^^uy^ 
>i^^m'^i^Xitmvt:tuy ^ > • a-7jruy.^ ypiM 

[0 0 0 9] 

sm^'M0SL-r^rzsb. m^J^^i-y^xDmnM^ji.itm 

Vi7i-uy^yi:a-7i-uy^>t<D^m'^^. TE-fb-& 
(A) ROt (B) *±fK5}-t-r-5«4i«XttTI2<k^!Kl 
(A) . (B) at; (C) €r^j£^)-i:-r-5®j«^&fflt^T 

(A) m^^m<t^<^ 

(c) ^S7;P5x>i7A'fk^ifei 

[0 0 10] e^T. 2^^?gico^stci¥b<uii^-r^. 

^k-^!^ (A) i:bT«, S^^S{l:-&<iJ^:<seffl-r^, CI 

CT, M»^R<b-&!^t bTtt. ^W#^roivBM, V 
b;^, vib;K, viiBgi, yiumzm-t^W^^U^'k 

SiibT, :H:^e<j{::«, ^^-^K. v;pzi-'j'A. a 
y-^K. ^uK. -^yiiy, —yirjl^. n'yVtJK. 

A. g^^'>, --/-y;!/, /i75^^7AdW*bVi. 

[0 0 11] ^:©<fc-5;^tMj^^JII{t-&f^tbT«, 

'tiT'b«i«i»^oivBis*^ea«n^® 

^^R, T>S:*>-6^5'X'?A (Ti) . s?;i/nr:':7A 

(Zr) yL.\tJ\y (Hf) t:^m-r^<t-^<^^» 

( 1 1 1 ) -c^ $ n-5 -> D > yxxjHb^ifex c 
ne.osi»«j*-sL^ttTiB-jRSC ov) -c5^$n«.^fc^ 

••■ (I) 

- (II) 

- (Ill) 

••■ (IV) 

<DT U 7JP^;U7 'J -JPSfc b < «7 U -;U7 

mmsn 1 ~ 2 0 ©7 zyjv^'^zym, y u 

»^©iB{i^*S^b, Att*#)B^»C<};€)5ll«*5^-r. 

a, bRZ^c tt-en^*tx0~3cDS^. dR.o:ett^ti 

■€no~2©s^. ftto~6©^^, g, h, iRr>' 
j «^ti-e-'no ~4cDiiiS:$:7K-r, r' , r' , r's 



( 

5 

(111) iCtC^Sl^T, 2^(DCp\tm—<D^<D'V& 
.[0013] ±12 (1) - (III) ^lc::fett^e^5/^D 

otf;i/'>i?D'^>^^>^xx;i/a, 1, 2-i^:A^)Ui^i7 
n^>^^vxx;i/S, ^h^>^^Jl/vi7D^>5^s^xx 
1, 3 -':/^^;i/>'i:7D^>^^i^xx;i/X, i. 
2, 3- hU;<^;i/vi7D^>5^>?xx;i/a, 1, 2. 

v^p^>37>?xx;i/S, hu ;<^;PvU;i->'^D^> 
^, 3^7*j[S^:K5S»i-2 0ot;u4-;i^ 

a<i:LT;;<^;P*, X5^;US, n-yDe;^^, ISO 

-%4^->;U« ; i^lgScl -2 0<DT;P3=^^'>a^UT^ h 
4->^«, xh^v», ypTS^-v^. :/h^S/S, :7x 
y+>-s ; M^»6-2 o<DTU-;i/S, t;p4^;utu 
-jmh b < friT u -;i^7;i/+;us<h lt:7 xx;i/», 
hu;ps, ^vU;^^, 'Oi^JUa ; ^*^l-2 0<D 

s, (hu^^;i/vu;w : v/KxiSSiibT 

>^;<^;i/x— i^xf^-ji/x— 'r-h^tiKu:? 

x-7^;i/^. x^;i/-^>yx— h^<7)xx^;i/!S> T-fe 
hxhu;u, ^>yxhu;i/^<Dxhu;i/!m> hu/^ 
;i/T^>, hux^;uT^>, huy^;PT^>, n, 

N-v;<^;i'TxU>, tfUi^>, 2, 2' -tftfUS? 
y'x:^>h^U>^C0T5>^, h U X^;l//^:X 

^fiaSlK<b7K*tbTX5=-U>, y3^>?X>. l-^> 

5^>, '1'y:/l/>, -^>^^>^x>, 1 -^^ir>S:a^il 

pC^U>3ftS. x^U'>S!l1S. 1, 1' ->-i7nv\:^.5> 

[0 0 14] Z,(OiiOf^\\L^m^\^X. -^Jx.^TIBcOt) 
<75 RlK ^1 n ^ {b^i^ O V :3 X ^7 A ^ 5^ X ^7 A X A 

(1) ^CO{k-&^ 

(^>5' >^^;L^>-!i7 □^>^>;xx;i/) h u 
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•7xx;i/v;i/nx»>^A> (^>i$^^^;i/'>^ D^>^>? 
xx;u) h u^>':/;i/v;i/nx»i7A, (^>^$^>c^;i^>' 
i7n^>^^i?xx;i/) hUi7nDi?;i/ax^7A, (^> 
3^;?^^;i/vi7D^>^':/xx;w h u > h4^v>^;H3x 
'i7A, (>'i7n-^>i$^>^xx;i/) h u ^^JUv;P=ix';7 
A, (->i7D-^>^^>?xx;i/) hU :7xx;Pv;i/Px^ 
A, (S/i^o^>^^i^xx;i/) hU^>>?;i/v;Pr3X'5^ 
A> (>'i7D^>i5^>?xx;W hUi7DD>?;U^rx^7 

10 A. (>^^n^>^vxx;i/) hU^ h^^S/i^jPrrx'? 
A. (>^^D^>^^vXx;W (>^h4^i» >^ 

jUnx-i^A, (^^;U'>^D^>5'>7xx;p) hu^^^ 
;i/S?;p=ix';7A. (;<^;i/'>i7D^>^vxx;u) 
>^xx;i/v;p=]x»i7A, (^^;i/>-^n^>^i;xx 
;w hu-^>ix;i/v;w=ix'i7A. (;<5^;^i>i7D^>^ 
>;xx;w hu^nD>^;^=3xC7A, (^^;i/i^i7D^ 
>3^>?xx;i/) (>^b4^'» >^;H3x^7A> 

(>^^5^;i/v^D^>r^>^xx;i/) hU^nD>?;i/nx 
'i/A. (>U ;?^?;i/v^D^>5'-:/xx;i') hU^PP 

20 s?;i/nx'?A, ( h U ;<^;i/i>U;U>'i7 D^>^^ v'xx 
M hU;<^;Pi^;i'=ix'^7A, ('^h^p<^;i^>^i7P-^ 

>:$7>?xx;i/) bU^PPi^^l'nX'^zA, 
[0 0 15] (II) ^CDit-^m 

tfx (->i7P^>i57vxx;w >?;<5=-;i/>^;p3X'i7A> 
tlX (v^p^>^'>'xx;^) i/>^xx;p>?;i/nx»j^ 
A. tlX (>-^p^>^^zxxx;p) >?x^;i'>^;i/px»:7 
A, tfx (v'i7P^>^>?xx;i/) >?^>5^;i/v;unx 
•i^A^ b'T. (->i^o^>37>^xx;i^) -J^h^i^i^)V^ 

xtJ'A, t:X (5>^P^>3^>?Xx;i/) z^^uUiy)Vu 
30 X-^A, tfX (>-i?'P^>^S^Xx;W 5/hF'JH>^;U 
PX^zA, tfX (S/i7P^>:?>?Xx;i/) ^r/^PP^ 
/ t: HU Ki^JPnx^zA, tfX (;<^;U'>^ D^>3^>? 
xx;p) >?^^;i/>?;i/Px»^7A, tiX (;<^;Uv'^p^ 
>i$7vxx;i/) >?i7PP>?;i/PX'5A. (^5^;i/>^ 
i7P'^>^^>?xx;i/) >?^>>?;u>?;!/Px»:7A. tfx 
(^>^^;^?';p->i7P-^>5'>^xx;P) v>c^;i.i^;i/p 
x»:7A, (^>^^^;i/>'i7P^>^vxx;i/) 
i7PP>?;i/Px»5A. b'x (^>:$^;<^;PSx^J7p^>^ 
>fxx;i/) v^>>^;i/>^;i/Px^7A, tfx (^>i$^^^ 
40 ;i/>'i7P^>:$^>?xx;i/) i7pp^5^;i/v;^pxOA, 
tiX (^>5^;<^;^>-^n^>^>?xx;i/) t HU 
^;Uv;i/PX'i7A, (>-i7P-^>i$^>?xx;p) (^>^ 
>^^;U'>i7p^>37>?xx;i/) >?i7ppi;;i/px^7A> 
[0 0 16] (III) ^(Di\:.^m 
x^l/>b:x (-r>5^x;i/) >J>c5^ji/>?;i.px»i7A, x 
^U>b*x (^>xx;i/) >?^pp>?;i/PX'^A, x^ 
U'>ex (5=-h^fc HP-f >xx;i.) >?^^;Uv;H3x 
•^A. x^l/>h*X (y^h^h KP'O-t'x;!/) V^u 
p>;;i/Pxr!7A. >^p^^;ws/U i/>t'x (S/^p-^>5^ 
50 >^xx;i/) >?;>c^jUi;;i/Px»5'A, >^^^;PS/U U>b: 
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X (->i7P^>^^i^x-;i.) i^i7ua-J)ln-^i,. [0 0 19] '^>:ff>it'^^<DM:»miilyX\t. 

A. C37xx;i/ ^5^u>] (9-y)V:tu::^ hi^-h) mfim^f^ti^. 

;i.^i/x;i/) >^;<5^;i/>^;i/rix^7A, x^Ux> (9- ^r;!/. v^^D^ifx (hU:7xx;^7J^x>'>r » x-/^r 
yjl:tU=,M ('>i7D^>^>?xx;i/) v>c^;pi?;u -gigtfx (tfx U s^i7D^=*^'>;i/*x:7^ 

3x»i7A. 5/^^D^^^v;i. (9 - y';i/:tux;u) (S/^^ lO » x^;/>;r;i/) > ^nntHUHfx (hUv^n^^^ 

p^>3^-:xxx;i/) >?;<^;ui^;L'=ix»5^A. ->i7D^> >-;i^*:x ^'w' » x:yy;u, i^op (:7xx;i/) tix 

(9 -7;i/:ti/x;i/) ('>i7py^>5^i;xx;i/) (hU:7xx;i/7jN7.:7>f » x*;/^r;k i^^?;Ptfx 

>^^;uv;i/Px»:7A. >-^py5^;i/ (9-:7;u:^ixx (hU;<5^;^7i^x:7^ » x-/^r;i.. >?x5^;i/ (2, 

;P) (>'i7P^>^>?xx;w 5/^^;i/i?;i/PX':7A. 2* - 1: tf u >^;i/) xty^r;p. tix (tvji) 
i^>^^;U'>U (9-:7;U;t-l/x;L') (>^i7P^>^^ h'X (i>i^p-^>^i^xx;i/) x>:/>5r;p, bfx (;< 

>?xx;p) i?;<^;i/v^;upx';7A> >?^^;i^>'U i/>if 5^;uvi7p^>^^v^xx;i/) x-/^r;i/, tfx (^>^^>^ 

X (2, 3. 5- hU;?^^;U5>^57p^>^i;xx;i/) 5^;i/->^P'^>37vx-;i/) x>>^;u, tu;u (>-^d 

^ppi?;i.:3X'i7A, >^^5^;i/i/U U'>tfX (2, 3, ^^y^-yji-M (z^^ a^y^-Jx.-M 

- 5- hU;<^;i/>-^p^>3=^>^xx;i/) >^^^;i/>^;i/P (vi^ p:ti7^>^x» x^y ir;i/5^ h ^:7;p^u«a^ 
x^7A. >?^^;u->U u>xb*x (-T>5^x;p) >?^p 20 ift. tfx (>^^P^^^i^X» -y^JU. x>y^r;i/f 

[0 0 17] ±t2-l5iC; (I) , (II) , (III) -e^^ ^h^4^x ( h u y^xx;i.:7:tx >^>r » x>y>y;i/, ^ 

n'5)>-^P^>3^i^Xx;Hb^4aKAi1^<?)t>COfe^*^a ^bX^>^r;U, (C.Hs)Ni{0C(C6Hs)CH=P(C.Hs),} {P(C 

5 o-ettJ'j: J; ^ ;S:<k'&i^c7)fify t hx\tmm • Hs > , l , (c. Hs > ni {oc (c. Hs ) c (so, Na) =P (C. Hs ) 2 } {? (C 

Ji^u-^A. 5^b^--<>>?;i/>?;i/nx'j7A, "rhy^h [0021] /'^^zy^i^i\::'^m<DM:i^M^l^x\t. 
.^z^-yj\,:3-^A. 5^h^xh+i>>?;^px'i7A, vi7ppt:x (^>^/x h ij;i/) /i^>^'i7A. 

^zfh^zy-J)Uu-OJ:>.. "Th^^uuz^jvu-ryM.^ 3}?x;i/hux ( h U :7xx;i/*::;;:7:< » /^^>?^7A, 

5^h^yn^>^;i/nx'^A. :/ v h U a p v^pptfx ( h Ux^;i/7}sx:7^ » n^yV^K. M 
:zryj^^ iy-Thd^y-y^uazyjizi-ryj^^ tix (2, 30 x « vf>y >{b t -y^^JW n'y^J^h.. n^yV^K 

5 - V- t -y^;i^:7xy +i» >^;>^^JU':^;U=ix»i7 tiX (Tir^;^Tir h:^— h) . v^^PP (T^h^v^x 

A> tlX (2, ^-v- t-^'^)Vy:z,j^y) -J^u -)vy^uzf^z^:x.y) /t^-y^A. -J^uu (1. 5 

uyjla-^A. v;i^=ix^Ah'X (T-tr^;nrir h:^ -yi7U^^^-yx.y) n^y-J^A. TU;U (i/^P^ 

-h) , h^\^^\tz.n^<D-J)Vu-^A^;\y-^A. >^>?xx;i/) /^^>?»^7A, t'x (TU;i/) /t^v^'i? 

^3^x'^Afc«#JSAfc{b'&#i;'j:<i:coT;i/+;i'S> t;1/ a, 7U;1/ (i, 5 -v'i^pit^^^v^xv) n'yV^K 

u^z/m'BijSf\u^ym=i'(o i ax« 2 aei±*j$^>^ ^ f yy)\f'^umik^^ iT-ti^juy-t hi—h) 

jlzi-ry^it^m. /\y:^OAit^m. ^^^x^/A^fb-^ (1, 5~vi7P:ti73^s;x» /t^>?'i7A5='h^:7;i/ 

[0 0 18] ^fc. \um(Dm^^m^^tsm^^mit -y^hyyji^ytumwt^m^m^f^n^o 
'^^tLx\tmzmm\ttji<. ^uA^t^^^o^mit^m^ 40 [0022] :k\z. it-^m (b) iiuxtt. m^^mit 

LX\t. M^}f-£. J-Vv^^yX^^uK. y-Vv (t-y (A) <hSJ^:^bT-f:t>i4<D^<2^^?^^-r^{b^% 

^PA, tfx (v^'p^>37vxx;w i^p -e*ntivi-rti<7)fecD-e^^s&fflT#^;0^> :^5=-^><i:ffi 

A, t KU K hU*;^3j^x;i/ (>-i7P^>5^i^Xx;U) ^<7)S?&t7C^(C^'&LfcTx:t><i:;6^e»fcj:^{b'&i|^, 1# 

^PA, ^^■9-;t?;l/*x;P (>/^ P^>37v?xx;i/) tC;tr^::r><htt^<7)a:d^7C^tCJg'&LfcTx::t>a:d^^ 

PA, fx (^>-t?» ^PA, hU:*7;P:t^x;uhUx ;^£^S2^^fb^i^^»®(::«Efflt" ^ :i 

(7}NX3}^>mh U ^'xxjl.) i^PA, hUX (TU;i-) <i:57ij:;^^:t><i:1tlScOS5^^^7£^f-^'&UfcTx?i->i 

i7PA, hU>'xx;uhUX (5^h^bKP7^» ^ j&^^)?tj:^>ft:^i^tLT«> Tt25S: (V) afe^i^ti (VI) 

PA, i57PAh'JX (T-fe^;i^T-feh:^-h) mtl^^Vf X7Vs^n^\^^m^nm\Z^m^^Z.hiifiX^^. 

([L' -R']'*)p ([M' Z' Z'-Z"]'"--'-), - (V) 
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([L']^*)p([M* Z' Z'-Z"]*"*-^*), 
({HL, \tU\ R'R'M*, R'\ 
[0 0 2 3] [ (V) , (VI) ^4*. L' (i;i^-f XtS 

UBm, VIlIjK, IBIS. IIBJS, IIIA3K, IVAiSRO^ 

^(DWlBm, IVBjK, VBjK, V1B]K, VIIBi^. VIll 

lAm, \Bm, iiAm. uBm:BLX^uAmf)^^m 

s, K^&6'-2 o<^TU-;us. t;p^;p7U-;p 
s. 7U-;pt;i/4=^;pS, igj*»i-'2 ocoADy>e 

ife^^tTK^S, ^*^l~2 OOTv^;^^:^^^/^, 
2JK±*^HVMClS'&L.T«*fl^^l^TV^TfeJ:(.^o R' 

. x^i:7;i/:t R' ' i - 2 0 <7)t;u^;1/ 

^^Jl/SSr^^f p R" «^h^ >'xn;P#;i/>^<^ U >. 
* Oig^ffiT' 1 - 7 OSS:. nt^2-8C0Sg[. k 
p«li^±OS^, q= (pXk) / (n-m) X^* 

So ] 

[0 0 2 4] ±.u)v^7.mm<D^wmt,hx\t. t>=e 

hU;<f";l^Ta>, hUX5=^;^T^>, hU-n-:/^ 
)IT^>, N, N- v^^;I^T:::U >, in " 

y^>. zyyx.-)Uy:t::^y^>^(Dy7$'Xy^>m. 
>?>^?;i'X-'7^;i/, >^x5=-;wx— T-Jk 7='h^bHP:7 

^>,- >?:t+'tf>^OX-'T-;i/JS. >?X5^JI/5^:e-X-'T- 

;k T-h^t h'D^;i-7x>^<7)^^x-7^;p^. x^ 40 

M* <Dmi^mtVX\:XB, Al, Si, P, As, Sb 
^, M"0*^*:«?a<tLTttL i , Na. Ag. Cu, B 
r, I, I,^, W <DM:i^mtVX\^Mn. Fe, C 

o, Ni, zn^f)^m^fibn^o z' ~z" omi^mt 

^^&6-2 0<DT^J-Ji^:t^iymtLXy x,y ^zy 

S, 2, 6 ->^;<^;U7xy ^xS, 50 
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(VI) 



CXtiR" M'T^^^) 

» ; ^^Scl-'2 0<D7;U^J^StbT^5=-;US, X5=- 
n-yDt!;i/S, i s o-yot:;i.S, n-y^ 
n-^i75^;ps, 2 -X^JU^^ vJUS ; ^^S: 

6 - 2 0 u t;i-4^;ut u ~;i-S^) l < ^^t 
u-;P7;u+;i/*(i:LT:7xx;i.«, p-hu;i/a, ^ 
>z^)\^&, 4-^^->--\'U-:/^;i^7xx;u«, 2, 6 
->?;?^^;i/:7xx;i/S, 3, 5 -i^^^;i/:7xx;i/S, 
2, 4-i^;<^;u>'xx;i.S, 2, 3 -vp<^;u:7xx 

; ^msi-2 0 <D/\adr>m^mityi<immLi.x 

p-:7;p::to:7xx;ps, 3, 5 - v:7;i/::i-D:7xx;i/ 
a, ^>i$^i7uayjL-JVm. 3, 4, 5-h'J:7;u;t 
o:7xxji/S, ^>i^y)U:tayjLZL)vm, 3, 5->? 
(hU:7;^;i'Dpc^;i.) 7xx;i/S ; ADy>j[^^ <h L 
TF, CI, Br, I ; *ffi|^i5^P-< K»i:bTEp^5^ 

^^>«, z^y:jL:^)mmm^m^f^ri^. r\ r'" 

^>n-5o R'Rr/R'<7)fitS>'^n^>^>^xx;i/ScD* 
<*:0iJ<hLTti> ^^;p>'^P^>:^>?xx;i/S, 

i/^p^>i$^>?xxjus, ^>^^^;uvi^p^>^>^ 
xx;i/S^<DT;i'*;i'STfiift$nfct>cD:d^^tf en 
ccT, Tji^jumtm-^^mm^i-ex&D. 
m^^nrc7Ji^^)i&(Dmt i - 5 (Dm^xmz^c^f)^ 

T#^o (V) , (VI) ^(Dit^^(D^X\^. U\ M* 

f)mmx& s t) <7>35>w* L 

[0 0 2 5] (V) , (VI) ^(Di[:^m(D^x. Mit^^ 

(V) ^(Dit^m 



'T*h^>'xx; 
xx;i/ffl8^hU (n-:/5";i/) t>^x':7A, .5^h^:7 
xx;i'ffl8^hUp^^;UT>^x'i7A, ^h^7xx;i.fflB 
KT*h^x^;i/T>^x'^A, '7^h^:7xx;waBiK^^ 

m^>i^;WhU (n-":^^;^) T>^X'i7A, 5^h^"7 
xx;uaBK>?^^;!/>?>'xx;i/7>^x'5rA, 'T-h^:7 
xx;nragt>^^;H-U:7xxjUT>^x'i7A, 'rV'yy 
xx;i.SfflKh U ;>^^;i/TxUx'i7A, 7^h^Vxx;i/a8 
g^^^;i/eu i/x'^A, 7=-h^7xxjuffl8^^>i^;^e 

Ui^X'^A, ^^'h^y'xXjl/fflBK;^^;!/ (2-vTyt! 

Ui^x»:7A) . 5"h^:7xx;paBg^hu^^;i/x;i/*:- 
'^^A. 'T-h^:7xx;i/aBS^^>v;i'>^^5F;i/x;i/^x^7 

A, 

[0 0 2 6] (^>i$7:7;u^p y'xx;!/) ffli^h 

iJX5=-;U7>^X»?A. x-h^ {^>^y)V:^uy:r.- 
)l) mmh'} (n-:/5";U) 7>^X':7A, "rVv 
>^y)\^:tayx.rL)i) mmh y jl:z.)It 
A, T^h^ (^>^'7;1/:^p:7xx;u) fflBg^5^h-^y^ 
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:^d:7x::i;W mm (^^;H-U {n-zf^M 7>^ 

A, (^>5^:7;i/:^d:7x— ffliShu^^;i/ 

77;p::rn:7x:n;i.) aiB!>?;<^;P (p-yo^TnUn 
"Oh.) , T-h^ (^>i57:7;i^:tD:7x-;w fflS^tf Uv^ 
-1^7^, J-Vy (^>iS^y)l:tay mm: (p- 

- i^ry eUi^x'>7A) , (^>^y)l:tuyx.ii^ 
M mm (N-;j<^;Hf U>^::i^7A) , y^h^ (^>5^ 20 

_ yjVztuyjL-M mm (N-^>v;i't!U v-O 
A) , (^>:$^ >';i/:^D.>^x-;i/) fflae^ (0-> 

:rD7xn;W WS! (p~5>Ty-N-^^;i/tfU>^-: 
•^A) , 5=-h^ (^>5':7;i/::ta:7xn;i/) mm (p- 

^ {^y^y)V^uy:x.:=^)V) mm^>z^)V-J:^^)V7s 

)V^-oj^, 7=-h^ (^>^ y^;i/:tn77x-;w mm^ 

h^:7xZi;i/3}>X*:n'^A, y^-h^ (3, 5->^hU>^ 30 

R'SAlQ3-r 

^o^<b7K«S> q^StK^i^^, ^^^1-2 ocot;^ 

ttHOt><DT*^o ) a: (VII) Olk^i^^bT. :Hr«^ 



R12 



Al-O fAl -O)- 

I 

R12 



|5p 5-262821 



)V^U:^^)VyaL-)V) «B^i^^5^;PTxgx«:7A. ^ 
^•9->';U:tPat^S^ h U X5^;UT >^x^; A, 
[0 0 2 7] (VI) ^CD-fb-^^ 

^h^:7xxji/aBS>'xP-kx'^A, 7^h^:7xx; 
m&. 5^h5:7xx;i/fliShU5^;i/, ^^h^^xx; 
^ (5"h^:7xx;i.#;i/:7^ U >-7>:tf » , -r-h^ 

(^>^ >';U:tP:7xx;i/) fflH^y'xP-trx^::;^, "rV 
^ {^>i^y)i:tuyx,=iM mm (1, 1' --y^^ 
)\^yx,u-\z:zOA, v^h^ i^>^y)]^:tuy 
mm'rti /^^JVy jLa±:-OA, "rVy i^>^^yjl^:t 
P7xx;i/) flaST-tr5^;P>'xPirx'i7A, -r-h-^ (^ 
>^7;i/:*-pr7xx;i/) «g®7}>;i.5;i/:7xPirx'i7A. 
T^-h^ (^>^^;p:tp:7xx;i/) SiKi/Ty :7xPir 
X^A, ^^-h^ (^>:$7:7;i,:tP:7x:i:;i/) SHM^, >- 
(^>5^ >^;i/::tn ^'xXjW) ffl8MhU5^;P, -r-h^ 

(^>^:7;i/>fp>^xx;p) fliKU5^»?A, '^h^ (^ 
>^:7;i.:tP:7xx;W aBm:^^U^A, "rh^ (^> 
5^:7;p;^-p>'xx;i/) ffli^ (5=- ^'xxji/^^;!/^'^ u 
>-T>:y» , T-h^ (-^>5^:7;i/:f d:7xx;I/) fflB^ 

(5^h^:7xx;i/3j^;i/:7^ U >«ti?p^-f H) , 

(^>^57:7;l':*-P >^x-;l/) fli^ iy^h^y :x.:z.)l^)V 

y^v>m^) , 7^h^>^;i/:tpffl8^ffi, -%^iJ->';p:t 
ummm^, ^^^yji:tu7>9''E>mm, 

[0 0 2 8] sfc. (V) . (VI) ^skf^cD^ii'&i^. m 
^\thu (^y^yji^ytuyjL-jv) mm. hv (3, 
ih^)y)i^:ta?^^)\^) :7xx;i/) mm, hVy 
X xjl/fflB^^ ffl ^ fgT * o 

[0 0 2 9] (C) ^^'C$>^mm7)l^::^OAi[:^m 
hVX\t. TIB-^^ (VII) , (VIII) X\t (IX) T 

- (VII) 

T^I/^x^i^Av'^PU x^;PT;P^x^7A>^i7nU 
H, >?7^^;i/T;i'^x^A:7;p;f u H, >^-fv:/^;^T 
;p^^i::7AA-f F-^-f F, >?x^;i/T;i/^x'i7AA-f H 
x5";i.T;i/5xt:7A-fex4^^PU H^;5i^*tf ^ 

[0 0 3 0] 

[^k 1 ] 



R12 



Al 



(VIII) 



R12 



— f A 1 -OH 



[0 0 3 1] 
[it 2] 



Cix) 
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(R"«5S: (VII) iimUh<Dt:^-r, s«*^ 

-5. ) t?^t)Stisi^oiiL^&S:*-rsa<^T;u+;i/ 

TJI/S/^IJ-^. (VII) ~ (IX) ^(Oit-^^Ofp-C. 
Jif^Ut'iODB (VII) ^(Dit^^-V, !|#lCjffSLl/S®tt 
(VII) S?;(^{k-&!ijTr = 3©fcO, h U ^5=- 

-5. 

[0 0 3 2] ±fBT;i'5 /^itX^SjgffiiL-TfS, 7 10 

[0 0 3 3] *^BJT-fflV^^«t!««, ±12 (A) fiK^i-t 

(B) fig5i-$)-l)Vi«±IB (A) ^^t. (B) fig^J-i 

(C) *£»tS:^fig^i-i:-r^fc©T-ib*. 

(A) J^^J-t (B) ^5J-i:©ffiffl*#«tB3e$n;^Vi 
/O^ (A) fiE^)-: (B) fiK^i-Wlt (^:;Ht) 1 : 0 . 

0 1 ~ 1 : 10 0. #{C 1 : 0. 5~1 : 10. ^T:^ 

1 : 1~1 : 5 i-r-S^lt^WSLV^. Sfc, ^fflfi* 
«- 1 0 0~2 5 0'C©(6Hi:t"-6Jli:*W*b<. ffi 

[0 0 3 4] Sfc. (C) fig^)-£D«gfflS«, (A) fig^J- 30 
l^:;HC?SfUa^0~2, 0 0 O^rJk »*U< j*5~ 

1,0 0 0 «ptc«F^ b < tt 1 0 ~ 5 0 0 

^, (C) fig^J-^ffll/i-Sta-g-ffittCDI^i^E-SClidi 

«ICttS!llBtt3tc<, nfJiS. (A) . (B) fig:»-<£r^at)^ 

(C) fiKiJ-tt. (A) fig^. (B) fig^J-^S 

(A) mtt. (B) fiK^tCD^/lt^fiE^i:^®^-* 40 

[0 0 3 5] *^BJiaig:7^^«, ±l2MJ«^fflV^T^!yc 

>. ->i7D^y5^>. yi>u^^y-ym(DW^^^^y 50 
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:7-0 ; 3 -;<5^;i'V'i'P-^>5r>. 3 - ;< v' i7 d 

1, 2 -i?t HD>?->5?a'<>:S'>Jx>. 1, 4, 5, 
S-vjj^^'y-l, 2, 3, 4, 4a. 5, 8, 8a- 

■ti'^\^Yu-ry^vym<r>^n'm^^yy ^ y 
[0 0 3 6] 1 -:<^)i'yji'^)i^y. 5->.^jVyji/ 
:^^)i^^y. 5 -x5^;p/;U5i^;i/^>, 5-ypt!;py;i' 
3l?;i/^>, 5 -7j:xjuy;i/5R;i/:^i>, 5-'^>i?j|/y 
)i:^)i^y. 5 -x^U7^>/;p3}?Ji/^>. 5-b*x;p 

yji^7H;u^>. 5-i7Dny5^juy;p7j^;p^>, 5-;* 

5 h4^->y ;p5}^;v^>. 7 -;?t^;i/y;i/#;i^4i>, 
5, 6 -v'y^-'py 5, 5--y^auy ji 
^ji'^y. 5, 5, 6 - hu ;*5^-ipy;i'Ji^;p^>, 5, 

5 , 6 - h U 7 D - 6 - h U D / 

;i'^>, 2-y^;i'-i, 4, 5. 8--y^:$'y-i. 

2, 3, 4, 4a, 5, 8, 8 a-yi-i7^\^Va-ry^ 

vy. 2-x5^;i'-i. 4, 5, 8-vy.^y-i. 

2, 3. 4, 4a, 5. 8, 8 a-:t^:5rt H^:^7^' 

2. 3-i?^^;i'-l, 4. 5, 8-Vi--5>J- 
1, 2, 3, 4, 4a. 5, 8, 8 a 5- b H O:?- 

[0 0 3 7] Sfc, Stt^W'^w >i:0^tS-&Srff^t5 
>, ::^5^>-i. 4-^5=-;P'^>7^>- i^®^5glS2 

~2 SCOfcOSriffiSfC^ffl-r-SiliA^T^-g). dtlSW 
if-^#l::»*bti®ttx^U>T$>S. 

fliSt^fiSfP*S#:^5i- L- T ck o C (7) J; -5 

aH*::^^^-^ xD^-fe^fetfieffl^nrtij^tvit)®, xf^ 

1, 5-^^-*)-i^:3^y^(DmVi'yx.ym'S:mii^Z.i:i)^ 

[0 0 3 8] a-&:3^tetLT«, m.^m-t. mmm-^. 
Ji- 1 0 o~2 5 ot:, i^ric- 5 0-2 0 0"CtT-i>J:i 

tt, I^!|6f^y7-/±IE (A) 1$.^ {^)\^it) 36-5 Vi« 

ii*jf^y^-/±ie (B) fig^ (t;uifc) *n~i 

0', #fCl 0 0~ 1 0' tfd:^):!^*^*^^^. 

fc, S^P#rBlttjlSl:a'~l O^PbI, SJSJE:'3«^JE~ 
lOOKg/cm'G, »SL-<«^JE~5 OKg/c 
m'GT'^.5. S^<*05i-^*©iitii:&feibT«. 
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mm^^(o^^m, a^asosw, 
[0 0 3 9] m^mm^m\^^^m^. m^^t. ^>if 

[0 0 4 0] :^?immm:^mz^r^xm^^uy^>' 
uy^ >\zm^^^mmmiit.m^:tuy ^ >\z^^^ 

^mi^^iiLEcDitib^O. 1:99. 9^9 9, 9:0. 
X$>^Z,t\t. ^^m^W^^l 3 S'CcO'x^U >4'JC^ 

1 3 5t:<7)5'*u>4'Tas^b/^a®3teS [77] 20 

^ 0. 0 1-2 0 d l/g<D#tS^fls:^#^^:^:^^T^ 
[0 0 4 1] 

[*jfi«»j] *ir> mmm:BLZfitmm\z^r):^%m^Mi^ 

mzTsk^i^i. :$i^B^\t'r$zmmm\zm^^n^h(Dx\t 
&.T<Dmmm'SLZfitmm\z:^^^Xs ^^m^\t;^ 

<D^3\ZiyUr:)Tzo 
Mw. Mn, MwX'Mn 

B*^i^3tmGPC- 8 8 0 [A^A;«V-MTSK 
GMH-6X1, SiL^f^^MGL-A 1 2 0 X 1, G 30 
L -A 1 3 0 X 1] , ; ^DD*;;i/A, ; 2 3 

ffilBWS [7?] 

1 3 3x:(Dy':^v y^xm^vfco 

" C-NMR0 3 0 p vmi4iS:\zmtl^:J^'f'U>\zm^ 

< \f:—^ tj )Vif-)V^y(D^lSLUQ&.(r)^^uy\zmrS 

< br-i7<Dfti<h 3 2. 5 p pm#3ft^c:sn^y;u5i^;u* 

fco 40 
[0 0 4 2] (Tg) 

aii^SBi: bTm^#-;i/^^ >^aM/t'< >i i - 

EAS^fflVi. Iti4min, S$4 0mm, JP^O. 1 m 
m<7)iffi|^M-S:#iaiS«3t:/^^, ^iS^ 3 . 5 H z -e?l!l 
SL, CCDP#(^jS*5*tt* (E" ) (^tf-^}^>^?>*i6 

/Co 

mtmLS. (TMA) 50 



#BB¥5 - 2 6 2 8 2 1 
16 

^m.^W^2 5 Ot:i::SnS^UTJP$0. lmm<oyux 

IJClkiaft (TMA) ^iSS^Lfco fcfcb. TMAti. ir 

-Yn-m^affi. TMA- 1 0 OSrfflV^T. 

fcO 3 g/inm2 (^^SS^A^tt. 1 0 t:/^^0#iaMffi 

ot:/4}^Ti 5 ot:*T#iab, 6 0|j?«jt«, i o*c 

/6^X- 5 orSTP^MbTSa^Ufco 

^-hi?'^:7 5:fflV:^T J I S-K7 1 1 3 ^Ct^-r^Tfr^j: 

X-r >^^;U^-f X=l>tf ^r — (DIGITAL HAZE COMPU 

TER) {7si3umm^^^^m:) ^^^.^tj i s-k 

7 10 SfCipl^TiBa^SrfTJ^ofco 

[0 0 4 3] mmmi 

(1) {^>^y )V^uy ai^hUx^ 

^;i/U^»:7A (15 2) ^ U^;i/J;OiiSb^^>:^>' 

>\=^^-y->4>-ej5iS$i^;fcc hU ('^>^:7;u^d:7xx 

y)V::^uyx.-)V) mm (4i^u^;u) h^y^y)V 

:tP:7x— ;l/U^'^A (4 1^U^;W .h^RjS^itS 

5=-h^ (^>^7:7 d:7xx;1/) fliKU 
^^A^efe@#:(hbTWLfco -T^b-^ (-^> 

^y)V:tuy:r.:z^)V) mm^y'f-Oh. (16^U^;P) <i: 
h U x^;i.T ^ >J»mifi (1 6^U^;i/) <h^*4'-CS 
;S$ii-Sii<htCcfco\ (^>37:7;i/;rn>^nix 
;i/) ffl8S^hUx^;l'T>^x^7A*afeHft:^bTl 
2. 8^U^:;HtfCo 

[0 0 4 4] 

NMR, C-NMRTBISLfco 
'H-NMR (THFds) : 
-CH3 1 . 3 1 p pm 
-CH2 - 3. 2 7 p pm 
" C-NMR : 

-C^s Fs 150. 7, 147. 5, 140. 7, 1 
3 8. 7, 137. 4, 133. 5p pm 
-C.H1- 4 8. 2ppm 
- C^Ha 9 . 1 p pm 
[0 0 4 5] (2) ttacDHS 

(f>i7 D^>^i^xx;u) h u ;^^;i/>^;pnx'j7A 1 ^ 

U^JU<i:7^h^ (^>i^y)V:tayx,zi)l) flS^hUx 

^;i^T>^:=:OA 1 ^ U^;i/^^ h;l/X>5 Om 1 

^MT4B#wjSiC$i±fco mm^'^^i^rzm. mi^^is 

tax— 7^;i/2 Om 1 Tifc^^Lfco &i®?^h;i'X> 5 Om 
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[0 0 4 6] (3) 

1 0 Om 1 <Dyy7.u^\ZzyC^U^>^>^2 5 ^ 
X>^25mllI0A. 2 Ot:"C4^PBlS;t>*ii:fco SiS 

fe-pfc, a^ffittttO. 13kg/gZr (12Kg/mol 
-Zr) T*":jfCo G P CJCi^i^^MSa^O^*. Mw 

2 0 0, Mw/Mnti2. 6 T$>o ^/t. ' H 10 
-NMR^^^«5. 7 p pmtCi^m-^^^M^'&fCfe 

[0 0 4 7] ^]SBW2 

1 0 Om 1 co:7^XactJ, z^^u^>T->2 5 B,^J^ 

AO. OS^U^;!/. "rh^ {^>9y )V^uy 

aHKhUX^;i/T>^:— »>A0. 05au^;i-^h 
.;i/X>5 Om 1 ff^TRiS^-fr/iio 2 0X:T4PtPBlSJi£^^ 
-yrfc^, KJSig'&^Sr;?^i5^y->»H 0 Om 1 tc&ttfco 20 

Si^r-sxh. 0. 5 8 gcDafe!f»^:^^#^>n;^co a-s-ffi 

ttttO. ISkg/gZr (1 2Kg/mol-Zr) 
feo GPCJr«i:^5i^^«a!l^<7)^«. Mwtt9 4 0 0, 
Mw/Mn^^2. 6TSofco 
[0 0 4 8] ^iSgiJS 

1 0 QmKDyyT.^^. 7 ;i/4^;i/:^> 2 5 ^ U 

(fcfcb, y;P3}^;p^>«a^S««i:i^-<^^i«-e7 0 

T^^) . (^>:$^^5^;l/i/^D--^>:$^>?XX;U) hU 30 

^^;^>?;i/nx'j7A0. 0 5^'j^;i/, ('^>r$' 
:7;i.;to:7xx;i/) fliggh Ux5=';i/T>^x»i7A0. 0 

5 ^ U^:;P^ h;^X>5 Om 1 4^T'SlE$i±^o 2 0^: 

T4^rpmj^bfct^, ;SiSg^^^^^^/-;n 0 Om 
^.i:, 0. b \ B(Dmmm^ntzo . i 

Ikg/gZr ( 1 OKg/mol-Zr) Tfeofco GPCtC 
Jc-S^i^^Sii^COJgm. Mwm 2 0 0 0, Mw/Mn 

«2. s-e&^fco 

[0 0 4 9] jliSgiJ4 40 
5 0 0ml <D:^^;^®!^§§lr^iSh;PX>2 0 Om 1 

y;u#;u;r->2 1 ^ U^;i/Srg«^, x.^\y>iJx^m 
a^it, 5 ot:-ci o^3^pa«}?pL;^co ^o^. ex (s/ 
^p^>37>?xx;w v^^;p>?;u=ix'j7A0. 05^ 

5^;i/T>^:X'i7A 0. 0 5 a u^;1/^^Jdl, a^^P 
S&bfco 5 orTi^PBifi^^fT^jiofc^, 

TM'&^f^itL^Co cn^S5iLK:i*-r^<t, 1. 8g 
9*a^*^^;^Cc a^ffittfiO. 39kg/gZr 
(3 6Kg/moi-Zr) T^ofco SKtfiS [ 77 ] 1 . 3 50 
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8d 1/g. y)l'^)\^^>'^m\tl 2^;l^%T&ofco 

[0 0 5 0] mmmb 

(1) fitj«coi@« 

x5"ix>fc*x ('Ot'x;!/) v^5^;Pi^;i/ax^7Ai ^ 

^;i/T>^x»J^A 1 ^ ^J=EJlt^ h;i'X>5 Om 1 4"^^ 

@#:*5tftX-"5^;P2 Om 1 7?ifc?^LfCo ^tSiWihJVX. 
>5 0mncSfi¥L, fitaSSStbfco 

[0 0 5 1] ( 2 ) a^ 

10 0ml C07^X34^lC>-i7D^>^>S: 2 5 ^ 

«!i!(«Sji8^^JS^5i^<tUT0. os^u^Ejk 

X>S:25mlS0A, 2 Ot:T4^Fp^SiS^-y:fco SiS^ 
ig^^*;>^5^y-;i/JC$>frt. ttSSbfcSfeHflc^^^L 
fco iR«t^O. 8 4gT*'pfco a^ffi14t^0. 18k 
g/gZr (16. SKg/mol-Zr) Tfeofco GPClc: 
ck^^JJ^^afiS^COM:^. Mwtt7 8 0 0, Mw/MnJi 
2. 8T*o;^Co ^fc, 'H NMR7&^^tl5. 7ppm 

[0 0 5 2] mmme 

1 0 Om 1 O^'^Xruti. v'^D^>7^>2 5 ^ 

0. 0 5^U^:;i/. y^hy {^y^y )V^uy :s^-)V) 

aag^h ux5^;i/T>^:n'^Ao. 0 5^u^;u&h;ux 

>5 Om 1 4^T-KitN^i^fCo 2 O^CTM^Pp^K^^^-frfc 
K^Stg'&ife$:^:J7y-;H 0 Om UC&ttfc« Sfe 
itjS<&iSBtL^3^y-;i/5 Om 1 TJ^ofc^. Mm^iS 

-r^<h. 0. 6 3 g(Dafej»7S<&#fco s^fgi4«o. 

14kg/gZr (12. 6Kg/mol-Zr) Tfe-p:^. G 

c\z^^^^mm^<Dm^. Mwtt9o.oo, mw/ 

Mnt^2. 7-rffeofeo 

[0 0 5 3] ^mmi 

1 0 Om 1 (7):7-^xn4'Jc*5(^iT, y;i/3K;i/^>2 5 ^ 
U^;i', X^U>tfX (-f>5^x;i.) z^:A^)lzy)l:^- 
^AO. 0 5 ^ U^;i^> T-h-^ .(^>^^:7;i/;^n:7aix 
JP) «lMhU><^;PT>^:X^AO. 05^U^;l/^h 
;i/X>5 Om 1 4'-CKJtx^-&fco 2 0t:T4^FB^«*^L 

B&mm^itmi^rco cn^mm^^^f^-r^t. o. 4 
9s<Dmif^^mz. a^fgtt^io. iikg/gzr 

(9. SKg/mol-Zr) TfeofCo G P C 

Mwt^l 0 5 0 0, Mw/Mnti2. IT* 

[0 0 5 4] mmms 

"rh^ {^>^y }\^^uy :x:-)V) SB®? h U X^JPT > 

^-Oh.(DRK)\z'TV'7 {^y^y)V^uy m 

my x.u^-^ i:.^m^^tL^j.^\t.mmm7 tiw\mznf^ 
r:>tz.^m\^o. 8 2 g-e*ofco a^ffitttio. is 
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kg/gZr (16. 4Kg/mol'Zr) TfeofCo GPC 
\Z^^^^mm^(Dmm. Mwtt9 8 0 0> Mw/Mr 

' [0 0 5 5] ^isgg 9- 

0. 5 6 gTSofco fi^fllttttO. 12kg/gZr 
(11. 2Kg/inol-Zr) T*ofco GPCJCi^5J^^g 

CO 0 5 6] HiBgll 1 0 

^-•i^AOf^OJ^iT-h^ (^>5^7;i-:^-a:7xzi;i/) m 

iRSt^O. 6 4 gTfetpfco fi'&StttiO. 14kg/ 
gZr (12. 8Kg/mol-Zr) Tfeo/c, GPC{;iJ:'5 
^^^^ftaH^OiSm. Mwti9 10 0. Mw/Mnti2. 

[0 0 5 7] »t6gy 1 1 

;k hu-< v:/^;ut;I/^x^7A0. 2^u^;i/, 
u>t:x (-r>^-;i/) v;<^;i/>^;mx'>AO. oi 

0. 8 5 g<^<SftSr#}fco a-^flfttttO. 93kg/g 

Zr (8 5Kg/mol-Zr) TfeofCo GF ClZ^^^i^^m 
m^(D^f^M. Mwtill, 0 0 0, Mw/Mnfr^2. 3 

[0 0 5 8] »iagiJ 1 2 

5 0 0ml 0:^'^XS«StC^S^h;i/X>2 0 Om 1 ^ 
/;i'4^;i/:^>2 5^U^;P$:S«Ufc^, x^l/>:tfX 
Srggil^iir. 5 O^T 1 0 5J^Ppmj*U:to -^OD^X^FU- 
>lfx (-f>5^x;U) zy:/^'f')lz^)U:2=.^A0, 0 1^ 
U^;u, T^h^ (^>5' y^;i/::tn:7a:-;i/) as^hux 

5^;i/T>iE:X»i7A0. 0 1 ^ U^;i/€:^JDL, m^^H 
J&Lfco 5 0'CTmraS-&SrfT?5:ofc«. 

Ta^*<9±b/to cn^igBi$£«!iL. 2. igo^ta 
^^^ntco m^mmt2. skg/gzr (2ioKg 

/mol-Zr) T«>ofCo [t?] «1. 4 0 d 1 / 

g. y;i/#;i/^>'&s«i o^;i-%-e$>ofco 
[0 0 5 9] jissgy 1 3 

5 0 0ml CD;^^XS^SfcS:^h;i/X>2 0 Om K 

y > 2 i ^ u^;i/, h u-f vy^;PT;i/^x»i7 

AO. 2^^J=E)ls X^U>b*X (-r>5='x;l.) 

;i/>?;i/3X'i7A 0 . oi^u^;^, 5^h^ (^>:^>^;u 
D>'xr:;U) fflB^h Ux^;i/T>^-'^AO. 01^ 
u=E)i^mni.. 5 Ot:Tl O^P^mJ^bfCo ^(T^t^X 
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6. 3 gc^)H#:^f#^Co fi'&ffii4t^6. 9kg/g 
Z r (6 3 OKg/mol-Zr) Tfe-rjfco SKttK [77] \t, 

2. i5di/g. y;ud^;i/^>^««8^:;p%'T?feo 

[0 0 6 0] jliS^Jl 4 

5 0 0ml (D:^^XSi^«gtC^ifth;PX>2 0 Om 1 i 

y;^#;p:?^>2 5^u^;i/^^«bAc«. x^u>;yx 

10 ^gitS^ii:, 5 0X:T1 O^i^r^lffiJtLfCo -^CD^. i^;?^ 
^^jl/i/U l/>b'X (5/i7D^>i$^S^xxj!/) -J>:^^)W 
;i/ax^7A0. 0 5^'J^;k (^>i$^:7;^;*-D 
yxx;w fflBmhUx^;PT>^x^AO. 05^U^ 
JP^^iJDb, S-g-^^M^SLfco 5 onCT'l^P^lfi^^fr 
U-Dtd&i. ;<^y-;UTS^^f?lhL;^Co cn^iSSi^ 
jlSL> 4. 0 gO^a'&ftc^^fco ®^?5tt«0. 8 8 
kg/gZr (8 OKg/mol-Zr) TfeofCo MKtt^ 

[7?] ^ii. 3 6 d 1/g, y;i/3}^;i/^>^»i3 8^ 

20 [0 0 6 1] )icMm\ 

T;i/=f>TB^b;^c:tf^X§S|{ch;^x>l 0 OmK 

i/^n^>^>2 5 ^ u^;^. T;i/^y ^^^-y-vo. 2^ 

U^:;l/S.iC/X'?U'>t:X (Ot'xjP) >?i7PD>?;i/n 
ri^7A0. 0 5 ^ U^;P^^SPLfco 2pt:TMP#PplK 
J^;$-&fc;i^^, ^nTST&^ofco 
[0 0 6 2] itfegt|2 

5 0 0ml 0:tf^XS^§glC^Jah;i/X>2 0 Om 1 <h 

y;i/*;i/^>2 1 ^u^;i^^lS«Lfc«. x^i/>:tfx 
^Srta^it, 2 orT 1 o^PRifi^j#u;^o ^v^T, 

30 ^y^i^>0. 2^U^:;U. t*X (>^i7D^>:$'>?XX 

i;!j7Dn>?;i/ax'^A 1 . 2 5 x 1 0;' ^;i/«r^lJD 
UTm'&€:B8i&U, 2 Ot:-ei^PflS'&S:fT7S:ofc50^ 

ii# ^ n?^j: o a 
[0 0.6 3] itfe^g^J3 

5 0 0ml (D:y^x»^SJce:Jlfth;ux>2 0 Om 1 <h 
y;i/3p;i/^>2 1 ^ u^;i/^S«L.:^c^> 

>0. 2^U^;l/, i^;<^;i/>^U l/>b*X (>^^n^> 

^'i^xx;!/) Da>^;mx'i7A0 . oi^u^:;^^ 
J0;1, 5 orTi OiJ^ra^J^L/to -e<^^x^lx>:^fX 
40 ^gftS^ii:. 1 ^PB^*'&S:fT3&ofc:d^, m.'^mtM^^ 

[0 0 6 4] mmm 1 5 

(1) [Cp,Fe] [B (CPs) 4] <D^f& 
(Jolly,W. L.The Synthesis and Characterization of 1 
norganic Compounds; Prentice-Hall: Englewood Cliff 
s,NJ, I970,P487tCJ;O'&^) >'xD't> (3. 7 g, 2 
0. O^V=EM ^i8Bitffi^4 Om 1 i:S^jaTlB#Pp1S 

50 (Ce Fs) 4] (13. 7 g, 2 0. Ommo 1 : J. Org 
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anomelal. Chem. .2 (1964) 24b<D^mz^ 0 -^fiS) (DT^m 
M flBK:7xOim':7A] 14. 7g (17^U^;W 

"[0 0 6 5] (2) a-^ 

ryAO, 0 5^U^;U. tfX ('>^D^>^>?xr:;i/) 10 

1 0 O^U^;i/^S«L> sot:, X5^U>EE5kg/ 

ntco S^ffittm. 2 kg/gZ rT*o;t. 
;l^:^>$««2^;l/%, aStt^ [77] 142. 2 4dl 

/g. jga<bs«8%-c*ofeo 

[0 0 6 6] IllfagiJ 1 6 

1 u h;K7):t-* u-:/tcft<gh;ux>4 0 Om 

.1, hU'1' V^^^^PTJl/^X'^AO. 6 5U^;K y^h 

^ {^>^^y)U:tuyx.njv) mmyj^u±-O2>.0. 20 
"i^;H3x»i7Ao. 0 3^u^;u. y;i/3}^;i.:^>2 0 0 ^ 

U^;i/<&^«L. 5 ox:, X5=^l/>EE5 kg/cm'T 

0. 5Nrraa'&Lfc«> ;<5^/-;!/Ta^S:^?ltU:to 

^n^&jisiKSS'r^^? 1 gc7)*a^ff^#fco s^ffi 

tt, 7;P3fx;i/;^^>^S, [77] > i^a^bSti, -^n^ti 
26kg/gZr. 7^)V%. 2. lOdl/g, 6% 

[0 0 6 7] ^j^g^J 1 7 

^IJfifisji 6tc^3ViT7^h^ {^yi^y)V^uyjL-)V) 30 

xx;i/) ai^ (1, 1' ->^p^^;i/>'xDirx»:7A) ^ 
fflt/^fceA^t4l^^iJc:S'&^?T/j:oy^c^ci5, 6 4g(;:)* 
fi^«^<£t#fco S'&^tt. y;^3}^;p^>'&«, [7?] , 

iSa^b^tt. -^tl-€^n2 3 kg/gZ r, 7^;p%, 

1 . 7 2 d 1 /g, .7 XXh^fZo 

[0 0 6 8] mmm 1 a 

«ig?:7xu-irx»i7A^3f^AT'7='h^ (^>:J^:7;1/^d:7 

xx;i/) fflB^>^;<^;i/TxUX':7A^ffii.^. M^mm^ 40 

[77] , jgft^tfttt, -^n^'ni 1 kg/gz r. 7^ 

1. 54dl/g. B^Tab-tpfco 
[0 0 6 9] Ili^g^J 1 9 

1 U h;KD:^— U~7'^C^j^h;i/X>4 0 0m 

K hu-i'y::^^;uT;u^x'i7A0. 4^u^;i'. -rh 
^ (^>37 7;U::to:7xx;i/) fflBS^ (1, 1' ->^^5^ 
;u:7xD-trx'i7A) 0. 0 2^U^:;i/, b:X (v-^d^ 

>5'>?XX;U) >?^^J!/S?;H]X»^7A0. 0 2^U^: 50 
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;k y;p4^;i/:^^>2 6 0 ^ u^;i/<&S*L, 5 0t:> x 

^U>JE5 k g/cm'-ei^Wa'&L'fciC:;5, 9 5 

[77] , m^itm\t. ^n^ens 2 kg/gz r, 7^ 

1. 69dl/g, 7 X-^h^fc. 

[0 0 7 0] ^mm 2 0 

^mm \ 6ic*5iiTy;i/4^;u^>tt:ji»^2 5 0 ^ u^: 
;k a^jass:7 ox:tbfc£tm4[^i;*«^Ta^*ff 

^'Jiofcch:!^, 1 0 5 go^s-a-^^^^/co a-^ffiti. 
/;^4^;i/:^^>^«. [77] . ^^itm^. ^n^'nss 

kg/gZr, S'EJUX. 2. 15dl/g, 8%T* 
[0 0 7 1] jlMg^J2 1 

mmm2 otc;fei/iTy;i/4^;i/^>ttiiS^3 5 o^u^ 

;i/<hLfcJy,^1^tii^i;^f^fTa^€rfT7^ctofc<hZ:;5, 6 3 

[77] , m^itm\t. ^n^*n2 3 k g/g z r> 10 

1. 8 9dl/g, 5%Tfeofe« 
[0 0 7 2] jItSgll 2 2 
^JgC«Jl 6(C*5V^TtfX (i>^D^>^^vXx;i/) 
^;p>^;i/=iX'i7A(C«i;lTfX (^>r$^;:<'5^;i/i>i7 
>5'>?xx;i/) >?;?<?;i/>^;P=FX^7A€:fflV^, a-^B^PpI 

5> 8 5g<7)*S'&«c$itfco a^fstt. y;i^4^;w^> 
^m. [77] . ^a<bst4^n^*n3 1 kg/gz r, 

4^;i/%> 2. 3 2dl/g, 9%T*ofcc 
[0 0 7 3] ^MgiJ 2 3 

IIJE^sj 1 6(^:431^^X1^7^ (i>^D-^>^vxx;i/) s?/ 
^;l.S?;i/3X':7Afc>R;ATex (v^o^>^Sxxx 

M z^^^ji/\y-^A^m^^rc&smtmc^^x-M^ 

^nt^^tchZ,^. 5 3 gCD*a^*|c€:#fco a^ffi 
Okg/gHf, 7^)V%. 1. 77dl/g, 7 %T 

[0 0 7 4] mmm 2 4 

*M0*J 1 6(c43iiTt:x (v^D^>5^i;xx;i/) >^>c 
^;i/>?;i/nx'^Atcf^;^TfX (v^a^>^>^xx 
>^^>i^;^v;i/ 13X1^7 ASrffl(/^;^ci^^l^t4|wii;^f4^T 

m-^^m^^fzh^^. 7 4 g<7)^a^#*itfco a^ 
ffitt, y;P3j^;i/^>^fi> [77] , ^a^k«tt^n^'n 

27kg/gZr, 6^;i/%, 1. 85dl/g, 8% 
[0 0 7 5] jIMgiJ 2 5 

xx;i/) i^^5^;Pv;i/nx':7Atc«ix.Tv7^^;u>'U u 
>tfx ('>^D^>^^>?xxji/) v^^;i/>?;i/=ix':7A 
^fflVi>tR^t4[^i;^#Ta^^fT?^j:ofc^:C5> 3 9 

[77] . i&^itmt^n^n \ 4kg/gz r; 7 2^: 

2. lldl/g, 0%Tfeofco 
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[0 0 7 6] iti&m4: 

[0 0 7 7] \t^mb 
[0 0 7 8] ^mm 2 6 

17kg/gZr, 7^;i/%> 2. 74dl/g, 6% 
[0 0 7 9] jli^giJ 2 7 

1 U h;l/CD::r-h^ l/-ytC^i^h;UX>4 0 0m 

' n7xx;l/) ffl8^>^xD-fex»:7A0. 0 4 5 ^U^:;i/. 
y;l^7t^;L':^.>2 0 0 ^ U^:;I/*JD;^. 50*C, X^l^> 
JE5 k g/cm'TO. 5 ^Ma-g-Ufci: C 5. 6 5g 

[7?] , ^a^i:*ti^n-e'n4 8 kg/gZ r, 8^;l/ 
%, 2. 30cil/g> 5%T»-pfco - 

[0 0 8 0] ^mm 2 8 

SliSM2 4{C43t.>T> tiX (>^n^>^>?xx;!/) v 

-^>>^;Pv;mx':7A, (^>:$^:7;i/:tp:7xx so 

;u) fflg^7xD-tx':7AS:-5-n-^*no. o i 5^ut;p 

[7?] , «ga>fbS«^n^*n6 2 kg/gZ r. 6^:;i/ 

2. 13dl/g. 6%Tfeofco 
[0 0 8 1] ^tSg^J 2 9 

*JSfi«J2 7 tr:fel^TtfX ('>^n^>^vxx;i/) >?i^ 

S«^n-€n4 5 k g/g Z r , 8^:;U%. 2. 3 4d 
[0 0 8 2] 3 0 

fTJ^jr-^ifc^Cl^. 6 8 gCD^^S^*^#fcc a-erfStt, 

y;u5}^;u;r>.>^». [??] . ^a>ftJS^i-^n^'n2 5 k 

g/gZr. 2. 22dl/g, 6 ^T^o 50 
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[0 0 8 3] Mm.m 3 1 

xx;i/) ;< n X "i? A Jrft;7LT5^ H ^ ^ > vJP 

v;U3X'^AS:ffll^fci^^1^t^l^i;^^^-eM^^fT?'ciofc 

<h:i5> 5 0 g(7:)*a^^^#fco 

:?^>-&a. [7?] : i^a^kffi«^n^*ni 8 k g/gz 

r, 6^;i/%, 2. 50dl/g; 8%T&-p«:o 

[0 0 8 4] ^mm 3 2 

88^:7 xD-feX'i7AtCf^X.T5^h^ {^y^y)V':^uy 
xx;i.) fflg^ffl*ffil^fc£Ai1^tt[^«fC«^€rfT:^j:ofc<i: 
C;5, 4 8 g<7)*fi^f^^#fcc fi^ffitt, y)Vif-)V^ 

y^m. [ 7? ] , jgs{bs«^n^*n i 8 k g / g z 

r. 7^;i/%. 1. 94dl/g, 6%Xfeofco 

[0 0 8 5] jiaagy 3 3 

mmmi eiz^i^^x y )i^)v^>(Di^t:>K}\z i . 4. 

5, 8->^;<^y-l, 2, 3, 4, 4a, 5, 8, 8 
a-:^-i7 5^b HD:^>'^l/> 1 0 0 ^ U ^:;i/S:ffli/^;t£JL 

ff^^fco a^ffitt. ^t^:^u:7^ >^fi. [77] . m 
a^bS^i^n^'ni 3 k g/g z r . 5^;i/%> 1. 5 

7 d 1 /g, 9%Ta&tDfco 
[0 0 8 6] ^ifigy 3 4 

^SS«HJ3 3tC43l'^TfX ('>:J7D^>^^>^XX;l/) 

^;i.i;;i.r3x»:7Alcf^xT>^^^;i/vU U'>tiX (v-^ 
p-^>3^s?xx;p) i;;3<^;i/i^;i/:3xr>A*fflVi, a-^ 
^ra^4^PpllCf^;^fceAn«I^D^^'Tra^^fT7^ci:ofc 

tz.^. 1 4 ^(D^m^i^^mz. a^fgtt. 

:7 ^ >^m. [ 7? ] , jsa<b«t^^n^*n 5 k g / g z 

r. 39^;i/%> 1. 61dl/g, O^-Cfe-^fco 

[0 0 8 7] mmms 5 

1 U >y hJV<D:t—h^U-:/\Z^mh)UX.>4 0 0m 

K h u-f vy^;i/T;^^x':7A0. 6^u^:;i/, y^h 
^ {^>iry)lytuyx.:=^M WK>^xD-fex'j7A0. 

0 3^u^;i/, tlX (f/^D^^^i^xx;!/) 
>?;i/=ix^A0. 03a u^;p, y ;i/4^;i/^>2 30^ 

U^:;U^^«b. 5 OnCTyotf U'>2 k g/cm' 
»AL, X^U>*i^JE7;^t5 kg/cm' (r?S:^<t'5» 

^e<jic«$&L, iBtreia'&by^c^:;!^, 4igcD^^a^ 
i^^mco a^fStt, y;^4^;i/^>^«> [t?] . ^a 
^ks^i^n-^ni 5 kg/gz r. 7=Eju%. 1. 47 

d 1 /g> 0 %-efe-:3 5t, 
[0 0 8 8] ^gSgy 3 6 

1 U h;KO^- i/-yjw^^h;px>4 0 0m 
1, hu-f yy^;uT;^^x»>A0. 6^u^;u, b'x 
(vi7D^>5^i/xx;i/) >?^^DP>?;u=ix':7A0. 0 
0 5^U^;U^S*b, itmt. 'rh'y i^>^yji^:t 

ayjL-)i) mm^>i^)\^ (4-i/Ty) truvx^A 
0. oi^'j^;u> y;u7i^;i/:?.>2 0 0 ^ u^:;i-^JD 
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7L. 9 or, X^lx>EE9Kg/cm'T0. S^r^^fi 

[ 77 ] «-en-en 72Kg/gZr, 

-6^:;l/%, 2. Oldl/gTSofco 
[0 0 8 9] jltag^J 3 7 

\zy^hy {^y^y )V^uy 3L-)V) mn:^^)V (2- 
fco fi^ffitt. /;u4^;i/^>^«. [77] «^n^*n3 

SKg/gZr, 5^:;i/%, 2. 34dl/g'C&'P 
[0 0 9 0] jliSg^J 3 8 

{^>1^y)l:tuy (y^ h ^ y 

-)Vif.)Vy^>^yi3» ^ffli^fce^^^i. ^^JSM3 6 
»fcc s^stt, y;i/3j^;i/^>-&fi, [7?] \^^n^n 20 

_127Kg/gZr. 6^:;i/%. 1. 95dl/gT$> 

[0 0 9 1] jltS^J 3 9 

)U(D^— h ^ V—^\ZMJSk^^^ > 4 0 0 m 1 
Sr^*L, rn(Ch;i.X>l 0ml , hU-fVy^^Jl^T 

M >?i7PD>?;pr3x^7AO. 0 0 6 ^u^;h t-f^ 

0. 0 0 6 ^U^;i^^^56}l'&bTiSMLfcfi4i«^?g^ 

^JDL. y;i/7}^;p^>2 0 0 ^ u^;p^ftDAT so 

9 0t:, X^l^>£E5Kg/cm'T0. 4mmM^V 

)l^>^m. [77] ti-^n-^'tll 8Kg/g Z r , 16 
^Jl%. 0. 4 2 d 1 /gT^ofCo 

[0 0 9 2] ^mm4 0 

\Z^^^>2 0 Om 1 h;UX>2 0 0ml t<7)M'^m 

tz.^. 5 9 go*s^tt:^#fco fi^Sft. 

^>^S, [77] ^i-^n-e'ni 0 8Kg/g Z r, 4. 40 
2^JU%. 1. 1 4 d 1 /gTa&o;^o 

[0 0 9 3] 1 

mmms 9\z^\^^x. n,i^^^^><Di^t^r)\znmi^^ 

>:^:7;i.:tn:7xx;i/) ffll^>^^'?';i/Txux»i7A^ 
0. 0 3^U^;i/<hLfc£Ani^. *Jfi0*J3 9i:[^<ifcS 

tt. y;i/4^;i/^^>^«> [r?] ti^n-^*n2 4 k g/g 

Zr> 7. 2^;i/%. 1. 2 6 d 1 /gTabofCc 50 
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[0 0 9 4] mmm 4 2 

IliS^ij 1 6 {C:feV^T, hU-f VTZ-^^I^T;!/^ — 'i'ACOf^ 
>^yjl:tayjL-M ffl^7xu-trx'i7Ac7)f^fcO 

xii7A&^ti-enfflv^fcjy.^tt. ^inficsji e^i^^fca 

^^fT^i:t>fechc:5, 3 3 gO^m-^^t^^^fco 

tt, y;i/3}^;i'^>^«, [77] ti^n^'ti 1 2 Kg/g 

Zr. 10^;i/%, 2. OOdl/gTSofeo 
[0 0 9 5] ^g6gij4 3 

*M0»J4 2 tcisv^T. h U y5^;^T;i/^X'^A(^f^:bD 

Hux^;i/T;p^x':7A*fflt^fc{^^i^^^, *ig«Hi4 2 

6. 2Kg/gZr. 10^;U%, 1. 92dl/g^ 

[0 0 9 6] m:mm 4 4 

1 u yfcS:«h;ux>4 O Om 

u hu-rvy5";i^T;i^^x^A0. 4^u^;i/, tfx 
(->^n^>^^>?xx;i/) >?^PD>?;i/nx^7A0. 0 
0 3^U^;PS:g«L, S*^^. (^>i^yju^ 

uyjLZLM fliK;<^;i/v^:7x-jl/T>^:X»>A0. 0 

0 6^u^;i/> y;i/7j^;u^>2 6 0 ^ u^;p^JDA. 9 

or, x^'l^VJEeKg/cm'TO. S^FslM^bfe 

5 7 gcD#ttt^flc*#fc, s^ffitt, 

^>^S. [7?] t^-^n-€^n2 0 8Kg/gZ r, 7. 
9^;P%, 1. 13dl/gT*ofco 

[0 0 9 7] mmm 4 s 

*llSfi^J4 2f::43V^T, hU^^;i'T;P^x»?ACDf^*:)0 
9Kg/gZr, 8^)1%. 1. 83dl/gT&o 

[0 0 9 8] mmm 4 6 

1 U y h Jl<D:t— h U—Zf\Z^mh 4 0 0m 

i> h'j< yy5^;PT;p^xi^7A0. 6^u^;i/, tf::^ 

(v'i7D^>^vxx;U) i^bHU h*v;i/nx'i7A0. 

0 0 2 ^ u^;p^s*L., mwm. "rhy (^y^yji 

i^Dy'xrijU) ffl8g^>^;?c^;i/T:=.UX'5AO. 0 0 4^ 

yjv^)V:^>2 0 o^^j^ji^^m^. 9 or, 

X^l/>EE7 Kg/cm'TO. 5 ^Fp^S^^fT?^f:o 

^c^, 4 8 gt^^^S'&^^^ttfco a-^ffitt, 

^>^a, [77] fri^n-6n2 6 3Kg/gZ r, 4. 
7^;^%, 1. 4 6dl/gT$»ofco 

[0 0 9 9] mmm 4 1 

^SS^J4 2 f:::tev^T. h U y^;^T;u^^'^AcDfttDD 
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tt^n^ni 1 Kg/gT i . 3. 1. 8 3 

1 /gTS)ofeo 

[0 10 0] ^mm 4 8 

ni4Kg/gZr, 7^;P%, 1. 97cll/g-eS» 
[0 10 1] jlfiSg^J 4 9 

5 - ^ > i^Ji J > ^ffl ^/^^ci^^i^t^ . 4 
.^#;^Co m^^tt. «tfc:^u:7^ >^fi, [77] t^^n 

^•n4. 8Kg/gZr, 11^;P%, 2. 15dl/ 

^ gTfe-3;^Cc 

[0 10 2] ^ifigiJ 5 0 

nt:i/>^ffil^fci^^1'«> ^iSM4 2 (^:|WHt^cLTfi'& 
^fTofc^C^, 1 7 gCDftfi^<^^t#;to S^flltt. 

v;P3i^;i/^>^«. [7}] tt^en-^ne.. 2Kg/gz 

r. 6. 4^)i^%. 0. 6 2dl/gT&ofco 
[0 10 3] HiSgiJ 5 1 

1 U y h )U(D:t— h ^ U—Zf\Z^mh JlX,y 4 0 0m 

1, hu-f y:/5^;UT;i'^x»i7A0. e^u^:;^, t*x 
(>^^D-^>^>?x— v^Dn>^;i/=3x»^A0. 0 

uyx.ZL)V) «SKv^5^;PTxiJxC7A0. 0 0 6 ^U 

y;P7p;i/^>2 0 0 ^ u^;|/^J!jda. 7 0t:. x 

5^U>EE9-. 5Kg/cm^T'0. 5 ^re^S^^^frT^i:':? 
fc<i:il5, 5 3 g(^*S'&#:^t#fc. 
>/I/^>^«, [??] ti-^n^*n9 7 Kg/g Z r . 5^ 
1 . 4 3 d 1 /gT*-pfeo 
[0 10 4] ^iSgiJ 5 2 
*iS^J5 1 tr:fel^T. 5^h^ (-^>^:7;^:t^>'x- 
;l/) fliKv;><^;i/TnU:i.'^A<£0. oi2^u^;uffl 

Z.^. 9 7 g<7)*fi'&#:^t#fCo S^f§tt, yjl^^Jl:^ 
>^S> [77] t^^n^^ni 7 7 Kg/g Z r . b'EJU 
1 . 4 5 d 1 /gTSo/zo 

[0 10 5] ^mm 5 3 

1. 8 ^ U^;i'ffi</^;^ci^^ti> IIM0^J5 1 ^ID^itCbT 
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ffii4> y;i/7}^;i/^>^», [r?] «^n^*tii4 3Kg 

/gZr, 4^)V%. 1. 6 7dl/g"Cfeofco 
[0 10 6] »Mg^J 5 4 

M Hi^v;^^;i/T:=.Ux^A^O. 012^U^;Uffl 
(.i, X^U>JE$:3 OKg/cm' iiLT 1 O^^P^m^ 
SrfT-pfcJl^nt^, *ifi0iJ3 9i:[^<tlCLTfi'&S:fT^i:^ 

rztz^. 7 8 g<^^ts^fl^^»^co a^f§tt> 
;i/^>^«, [7?] «^n-^*ni 4 3Kg/gz r , 3 

10 1. 3 9 d 1 /'g-C$)ofco 

[0 10 7] ^mm 5 5 

mmms 4\ziD\^^x. s-^ias^i 3 oictcbfeet^ 
2 gco#fi^«^<&#fco s-^stt, y;^#;^^>^s, 

[77] t^^n^*n2 2 Kg/g Z r . 4^)U%. 1. 6 

5 d 1 /g-e*o>to 

[0 10 8] jlSSgU 5 6 
(1) 

2 U h)l(D:^^7.n^^\Z^i^ h)],X,>5 0 0ml , 

20 hu-f yy^;uT;i/^x':7Ai 0 a u^:;k tfx (v'^ 
D^>^>^xx;i/) >?^PDi^;i/n—'^7A0. 2^U^ 

(2) 

2 ^Jy hJl'<DmmM^m:t-h^U-^\Z^mh)lX,> 
lUyhJl. (1) -eiiKbfcMi«^SS9 Om 1 , y 
*;i/:?^>3 6 0 ^ U^;P*^*^«b, 90r. X'^^lx 

30 1 , y >$:SB# 3 6 0 ^ u ^;K^iia^T#t*&'r 

Scheie, m^^Tm^^m^m\^<om^m^^<Dmf)^ 
'^izi y hjut:u^^o\zmmmztk^mvrzo * 

^^o\zmmmzx.^\y>^m^^'r^h^i>z. m-^sgco 

}aS^9 OriC^^bfco -^CD«S«, »^15 8gO* 
'€-n-6n4 8Kg/gZ r . 5^;U%. 1. 64dl/ 

[0 10 9] HiSg^J 5 7 

40 *M0*J 5 0 tcisi^T, (i>^D^>^vxn;i/) 
^Dnv;^n-^7A(^«;t:>0tcx^l/>Hx (-T >5'- 
;u) >?/7DD>?;i/:ix'5A^fflv^;^c:iy.^1^ti. *;^^J 5 0 
<hl^«tc:LTS'&<&ffofc^e:;5, 2 3 g(7)«a^#:S: 

8Kg/gZr, 7^;i/%, 0. 76dl/gTfec> 

[0 110] mmm 5 s 

^uuzy}Vn-^l.(Di^t>K)\Z'^'J':fu}d)V {iy^u^ 
50 >^^>?x— (9 - >^;u:^-ux;i/) >?ij7nD>?;i/=3x 
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r^)i^:^>^m. [77] tt^n^'nsKg/gz r . e. 

-B=E)U%. 0. 5 4 d 1 /gT*-:?fcc 

[0 111] mmm 5 9 

u hu-f vy5^;uT;i/^-'^A0. 6b.^j^jv, 

D7x-;i.) fflB®^f/>^^;uT-U-'i7A0. ooe^u 
y ;i/d^;u:?^>4 0 0 ^ >j^:;i/S:j!jD;^. 9 0t:. x 

^U>JE6Kg/cm', 7K^JBE2 Kg/cm' TO. 5 

-^stt, y;L'3j^;i/^>^a, [77] ti^n^*n2 9Kg 

/gZr, 7^;i/%, 0. 06dl/gT*ofco 
[0 112] ^iSgiJ 6 0 

:7xx;^) fflIK:7xO'fe-'>A<^f^:bOfC'7^h^ ('O 

5. 6 6 g0^ta^ft:*^fCo a^ffitt. J)Vi/^)\^^y 
^S. [7?] t^-^tl-fn2 4Kg/gZ r . 8^;u%. 
2. 3 4 d 1 /gT^-^fco 
[0 113] ^tSg^J 6 1 

*iS0iJ6 Oihl^litCbTS^SrfT^fcihC:^. 6 8 gO 
^tS^fls:Srt#feo S^ffitt, ^ >^S> [77] 

J^-?-n^*n2 5Kg/gZ r . 6^;i/%, 2. 5 1dl 
/gTSo^o 
[0 114] ^MgiJ6 2 

aD>?;i/=iX':7A<Of^*:>0fc (^>^;<^;i/v^ □-^> 

tt-^n^*n2 6 Kg/gZ r , 7^)V%. 2. 47dl 

/gTafeofc. 

[0 115] mm&\ 6 3 

^IMflsje otc^5i.iT> (>-i7D^>^^>?xx;i/) hUi7 

^^i^xxjl/) hU^ h^>^i^;U=3X»i7A^ffiV^fci^^1. 

[77] ti^n^'n2 4Kg/g Z r , 6. 5^;u%, 
2. 6 8 d 1 /gT^o;to 
[0 116] ^Mg^J 6 4 



16 ) #M¥5- 2 6 2 8 2 1 

30 

mmm4 6\ziD\^^x. (>^i7D^>5'>?xx;u) >? 
fc HU H>^;U=ix»i7AcDf^*^OlC5=-h^^>>^;i/i/;Pr3 
X'i7A0. 0 0 2 ^ U^JU^fflV^;ti^^1^tt. |lliS0ij4 6 
trnmiZ^xm^^^fr^fziL^^. 6 2. 7g<^^ta-& 

{*:^#;^c:o S'&fgtt, y;i/#;i'^>^a:. [77] tt^n 

^*n3 4 4 g/gZr, 6. 5=EJU%. 1. 76dl/ 
gT$>o/Co 

[0 117] ^mm 6 5 

JliS^sje 4fc^5i^T. 5^h^^>v;i/v;i/:3X'i7A(7)f^ 

10 t>D\Zy^hy:fh^iyi^)i^:J-^I:.0. 0 0 2 ^ U ^rJU 

tz,^. 3 7. 1 go^^a^flc*«:^co a^fstt, 
4^;i/^>^g. [77] t^^n'€'n2 0 3 g/g z r , 
5. 5^)V%. 1. 8 9 d 1 /g-es-t^feo 

[0 118] ^mm 6 6 

*Jfi«^J 6 4{C*5V:^T, 5='h^^>>^;Pi^;i'PX^7AOf^ 
.. :bOfC'T*h^i^Pni^;i/PX'^AO. 0 0 2 ^U^;K<& 
fflVifci^^ti>^;ffi0*J6 4 t(^1$JCLTa^^fToJt<i: 

6 9. 1 g(^*a^#:^#fco fi^ffiit, yji^- 
20 ;i/^>^«. [7?] j^-^n^^ns 7 9 gx'g z r . 5. 

5^;i/%, 1. 7 1 d 1 /gT$»ofco 
[0 119] jItSgiJ 6 7 
mfifiajs 1 fctsi^^T. tfx ('>i7D^>5^>?xx;i/) 
i;uu-j)Vu-^A<Di^fDO\z\fx (zy^^u^y^i^x. 
x;i/) v?^5^;p>?;i/=ix'i7A, ^hy {^y^yji^^u 
:7xx;i/) aimv^^;^TxUx'i7AcDf^fcOtchU 

nmmsitnmzx.xm'^^nf^^rzLtLZ,^. i2g 

30 [77] fr^^n-en2 2Kg/gZ r, 8^;i/%, 1. 6 
4 d 1 /gTfeofCo 

[0 12 0] ^tfegye 

^mi?HmTfC:fet/^T, 1 U -J h)V(D:t— h^U — :f\Z 

h;i^x>4 0 om 1 , x^;i/T;u^x'5^A-fex^^D'^ 

K (Al (CHs) ,.sCl,.s) 8^U^;l/, VO 

(oCiHs) ci,o. 8au^;i/^ y;u4^;i/^>i 3 

0 a U^;i/^J[JP;^> 4 Ot:{C#MLfccD"^. X5=-l/>» 
JE;^^ 3 K g / c mMci^j: ^ J: -5 \zmmm tc x^ U > 
AbO-O, 6 0^^Pp1S/S«:fTofco iRS«6. 1 6 g-C 

40 *ofco a^ffitt, y;u7}^;u:^>^«. [77] \t'tn^ 

no. 15Kg/gV. 12^;|/%, 1. 20dl/g 
[0 12 1] jIBSga 6 8 

-^mm^ A\z^^^x. x^i/>js^4Kg/cm\ a 
^M^^7 ot:fcLfcc:<hJ^ntt, -^mm^ 4t,w\m\z 
vxm^^nu-orzLz.^. 1 7 Bo^^m-^i^^^tco 
a^ffitt, y;i/7t^;i.^>^a. [77] \t^ti^n6. 2 

Kg/gZr, 57^Jl%. 1. 47dl/gTS':? 

50 [0 12 2] mmm e 9 
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5 0 Om 1 <D;<f77>S!SaglCftj!fthJPX>3 Om 1 , h 
2 5 V'f i'D^Jk yjUJl?JP^>5 0 0 5'J^:JU<&S0 

A. 5 ox:x'immm^Kit^^n-t^-orctc^, 9. 5 

8 gcD#^«^{*:^#^c. S'&ffilt^e. 53Kg/gN 
iTfeofc. Mwttl, 2 10, 0 0O,Mw/Mn« 

[0 12 3] HiiSgiJ 7 0 10 
;i-D7xn;U) ffllg!v^5^;i'7::iUn>i7A0. 035U 

^ ji/^ffli^^fcii nmm 1 6 i:i^fi6t'a-&^ff 

U-otzt::^. 2 6. 4 g®^^fi-&^S:#/t. M^Stt 

tti 0 k g/g z rTfe-tjfc. ii^m-ti^oy }V-^)l^> 

^Stt?. 0^:;U%, ffiKttS [tj] li3. 9 4dl/ 
gTfet>it. DSC ((^Mzffl^) :i<;5«S^^^co 

tt, /X-^VXJl'-^-thSSrv'J-XWDSCfCJ;^ 20 

1 0*0/53-^1 5 0'CS-e#Mb, 6 0ti>«jt«, 

1 ot:/^)-T- 5 ox:^-cMVxnu-orc, 

[0 12 4] iti^giJ? 
SSS^HStTf'^iViT 1 U y V)V<D:^—ht>V—':/\Z. h 

;ux>4 0 0mi. x5^;PT;i'5x'i7A-fex^i7D7'f 

F (A 1 (CHs) ,.sCl,.s) 85U^;k VO (O 
CHs) Cl.O. 85U^:;U, 7 ;U:!}^;1'^> 1 3 0 S 
f)=t)V^M^. 4 0'ClC#ilLfc©-&, X5^^>^}'BE*« 
7 Kg/ cm' (Cfj:^J:^i{C]ei^6<J(CX5^^>Sr^AL 

-Doi 8 0 5i-P4KjiS*fT7tcofc. KmmT'^. m-^ii^m 30 

^^6. S^EJP^, SKliaS [7?] d^3. 2 8d l/gW 
*fi^#:35. 9gi£»fc. a^«tt«0. 88kg/ 

gv-eebofe. ::©^S^#:oDSCl$SSiI^«:±ffit 

[0 12 5] jlMgiJ 7 1 

(1) 5=-h7 ('^>:5'7;l':ta7xx;l/) ffllg!hUx5^ 

L. dtlS: 1 2 8 Om 1 CD h;i<-X>(C®®bTMJK^?K 

(2) i?;<^Jl/i>U l/>t'x (->i>n^>^'>?xx;U) 
i7 n D vJU r: X A WPSi 

5 Om 1 0)K7K-7^h5t Hn:75>(Cl. 7 3g (9. 50 
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1 gSU^^W <Dv'->i7D'^>:$'vXx;l/v^5^;US>^ 
>Sr^»L. d^afCl. 5 5^:;i'/'J >y h;KDy^juu 
5"'i7A/'\^-y->^Ml 2. 0ml (18. 65 U^: 
M -7 5'Clt?&«L'-r>t>, l^miC^DfctjTJST 

ufc. 3 o^mmnhfc^, o*c*T'#taLfc, ;in 

fc, izgm<k>';i/=ix'i7A2. i4g (9. 185U^ 
;U) 5:5 Oml (DflJi7Kxh7tHD77>lr^»L-fcSS 

l^patc*3;/i:-3T}gTbfc«. ^M-t?i^«a#L 
fc. 5 0'CT2^FBlJjpfflL^c^, 

««ISigS*fTl.i, 2. 2 0g (6. 3 15U^ 
©i^j/^JPi^'J L'>H7. ('>i7U^>3'v'XX;i/) 
v^i? □ D>';i'nx'j7i:,^#:fe (ref. :Inorg, Chem. , M24 
m, ^2539H(1985)) , CinS: 6 3 1 m 1 « h;UX>(C 

[0 12 6] (3) y;u3p;i/^> • x^u>©#i;a^ 

^^BtfebitS 0 Om 1 <^:tf5XiS:^-hi7k-y{', 
h;i^X>2 0 Om 1 <J:h'J'fVy5^;i'T;P5X'^Al. 

0 = 'j^:JP$:ia^, :^vi-cc:nc±is (2) -e#e)nfc 

nv;i/nx':7A 1 OT-f i7p^;Pi3J;t/±fe (l) 
etlfcT^h^ (^>:S'7;U:tD7xXjW ffllglhUX^ 
;l/T>^:X'^A 1 OV-f i7D^Jl/*iP^fc. «i^»T, y 
;i'#;i'^>2 2 5 U^:;1'S:JJP^, 5 OTClC^ML-fc^, 

Xf=-U'>:*fX^4 0 U h;P/h rT8it®^-ti-, *BET? 

47g*»fc. fi-&ei4«l. 6Kg/gZrTJbo 

* [77] «0. 3 d 1 /g, :tf^Xte^jaS (Tg) \t 
18 213. mtrnm (TMA) «17 5"C. ->-h©:^ 

4. o%. ^x-rxiis. 2%Tabofe. 

[0 12 71 jligglj 7 2 

^js^ij? i« (3) {c:fev^T, y )i'-^)i^^y<Dmmm^ 
4 4s.u'EMz^^rcz.t&.^\t. ^mmi i(D (s) 

1. 8Kg/gZ rTa&-p;^c, »e.nfc^m^fl^«)y;u 

#;l/:^>-&fi«7 4^:;i/%, SfS*SS [77] «0. 4 9 

d 1/g. :*f^;^e^M^ (Tg) «i 9 gt:, tma 
tiigor. iy-h(D±ytmm'Mmit9 4. 5%. ^s-f 

Xtt3, 0%T*t)fc. 
[0 12 8] jliSgiJ 7 3 

^ISS0iJ7 10 (3) (CiSV^T, y )l':^)l'^><D&.mm^ 
3 3S.^J=E;i^\Z^?ircZ.ii&.^\t. *S£^J7 1© (3) 
trnmiZl^X. *fi^<*:2. 4 4 g *#fco fi^fStt« 

2. 7 Kg/g z r T^cfc. ?#'5tifc*a^<*coy;p 
#;u:t^>-^*tt7 2^:ji.%. mm^m [7)] «o. 5 0 

d 1 / g, ;^f^Xte^a* (Tg) «1 9 3*C. TMA 
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ttl8 5t:-e*ofco Sfc. 5l3i!^«tt2 6 OKg/c 
m\ §l?S#tt^«2 9, OOOKg/c 

^[0129] mmm 7 4 

(1) >?;?c^;U'>U U>b';^ (-f>xii;i/) s^i^PDS? 

*igC«J7 (2) Jci^v^T. >?vi:7D^>5'i?x-;^ 
V ^ v^XOf^toOlCi^-f ;i/ 5=';U '> ^ > 
2. 6 5g (9. 2) ^U^;PSfflVifceA^1^tt. IIS60iJ 
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